AIn explanation of the climacteric rise of the respiration rate of ripening fruits has been sought by studies of subcellular particles isolated fronm the fruit. It is known that in most plant tissues the rate of 0O uptake can be increased by treating the tissue with uncoupling agents, suggesting that the rate of 03 uptake is limited by the rate of oxidative phosphorylation. If during the process of ripening the restriction on oxidation exerted by phosphorylation was relieved, a stimulation of the rate of 03 uptake would be expected. Thus, Millerd et al. (24) established that whereas the respiration of avocado tissue slices of preclimacteric fruit could be stimulated by application of DNP5, slices from the climacteric peak fruit 1 Received Aug. 6, 1963 . 2 A preliminary report of this work has appeared (31) . 3 This research was supported by Grant RG-8224 from the United States Public Health Service and by a grant from the Cancer Research Coordinating Committee of the University of California. 4 Present address: Department of Botany, University of Adelaide, South Australia. 5 Abbreviations: CCP, carbonyl cyanide m-chlorophenylhydrazone; DNP, 2,4-dinitrophenol; TPP, thiamine pyrophosphate.
were not stimulated by such treatment. From studies of the isolated mitochondria and of the other fractions these workers concluded that there wvas a natuiral uncoupler present in the fruit. Several criticisnms have been offered against such an hypothesis (5), and Pearson and Robertson (25) suggested that the climacteric rise was due to a higher turnover of the phosphorylation cycle. These explanations of the increased 0. uptake, involving changes in the controlling influence of oxidative phosphorylation on the mitochonclrial oxidations, are possible, but it is improbable that the study of the isolated mitochonidria will reveal the causes of the changes. Nevertheless, much valuable information has been obtained from these studies, and in particular, the properties of avocado particles have been thoroughly examine(I and documented (1, 5, 6, 24, 26) .
Ronmani and Biale (26) observed that mitochondria isolated from ripe avocado fruit appeared to have an oxidative phosphorylation mechanism which was insensitive to DNP. Mitochondria isolated fronm unripe avocado fruit were sensitive to DNP, but the uncoupling effect observedl with these particle, was reversed with hexokinase (6) . Other studies (1) had substantiated the operation of a typical tricarboxylic acid cycle in these preparations. Thus the effects of DNP are of particular interest with respect to the mechanism of oxidative phosphorylation. Therefore it was considered necessary to reevaluate the previous results obtained with mitochondria from avocado tissue in the light of recent knowledge about the properties of mitochondrial processes.
Since the properties of isolated mitochondria are markedly influenced by the isolation procedure (15, 18) and since the pattern of behavior of the particles isolated from avocado fruit showed variation (probably seasonal), no attempt has been made to extend these results to the physiology of the intact fruit.
Mitochondria isolated from climacteric-peak fruit were used to study respiratory control and the effects of DNP on oxidative phosphorylation. Possible explanations of the previously reported results (6, 26) are given and the effects of oxaloacetate on oxidations by particles isolated from the avocado (2) have been further examined.
Methods and Materials
Preparation of Mitochondria. Fuerte avocado fruit, Persea gratissiina., were chilled at 10 for an hour and grated with a kitchen type grater with 3-mm holes.
Grated tissue (100 g) was added to 300 ml of 0.4 M\ sucrose containing 5 mm EDTA, 6 mm MgCl,, and 4 mm cysteine. The mixture was ground in a mortar with sand and the pH maintained between 7.0 and 7.5 by dropwise additions of 1 N KOH. The brei was squeezed through washed heavy muslin andl the filtrate, diluted with 200 ml of 0.4 Ai sucrose containing 6 mAt MgCl2, and was subjected to the following centrifugings: A) 1,500 X g for 15 minutes-precipitate (liscardled; B) 10,000 X g for 15 minutessupernatant discarded; C) 2,500 X g for 10 minutes -precipitate discarded; D) 10,000 X g for 10 minutes-supernatant discarded; E) 2,500 X g for 10 minutes-precipitate discarded; F) 10,000 X g for 10 minutes-supernatant discarded. Esterification of Pi was determiinied 1b ad(ling hexokinase and glucose to the above mediumll, from which aliquots were added to cold perchloric acid (final concentration 3 %), neutralizedl with KOH, the KClI4 centrifuged off, andI the glucose-6-P assayed by NADP reduction witlh crystalline glucose-6-P dehydrogenase (19) .
The nitrogen content of the suspension was determined by distillation and titration after (ligestion in sulfuric acid using mercury as catalyst (23 the substrate-level site of a-ketoglutarate oxidation. An induction period required for maximal a-ketoglutarate oxidation can be seen in figure 2 (8) .
When the particles were in state 4, the respiration was stimulated by the addition of ADP or of an uncoupling agent. Minutes tive to DNP than other plant mitochondria (cf. 26, see 29 ). An alternative explanation of the DNP effect is the stimulation of an adenosine triphosphatase and the recycling of ADP. This alternative is disproved by the results of figure 4. Oligomycin, by inhibiting oxidative phosphorylation (21) , lowered the oxidation rate to that of the state 4 rate, substantiating that the state 3 and state 4 changes are due to the coupling beween phosphorylation and oxidation. Furthermore, figure 4 shows that DNP released the oxidation in-6 24 The inhibition of malate oxidation with time and the beneficial effects of glutamate are shown in figure  7 . Since the results of figure 7 were recorded with the same preparation used to obtain the results of table II, it is apparent again that little of the 02 uptake in the presence of glutamate could have been due to the oxidation of glutamate itself. Malonate was included in the above experiments to inhibit the oxidation of succinate formed from the arsenite insensitive fraction of a-ketaglutarate oxidation.
Effects of Hexokinase. Biale and Young (6) showed that their preparations from avocado contained hexokinase but not sufficient to transfer all of the Pi esterified into ATP. Since it seems unlikely that hexokinase is a true component of mitochondria, an indirect test for its presence was made with the preparation described here. Figure 8 indicates that hexokinase was present since the addition of glucose caused an increase in the state 4 oxidation. However, this activity was insufficient to maintain the level of ADP necessary for state 3 respiration. Both a-ketoglutarate and succinate were used as substrates.
Thus respiratory control may be seen in preparations containing hexokinase (7) provided that there be no phosphate acceptor present.
An Exanmination of the Effects of DNP on the Oxidation of a-ketoglutarate. The pattern of a-ketoglutarate oxidation by the avocado particles has been described. It was shown that this oxidation was dependent on ADP and it was concluded that during state 4 oxidation, the substrate-level phosphorylation was rate limiting. Figure 9 shows that oligomycin did not lower the ADP-stimulated oxidation to that of the state 4 rate. Thus the electron transport chain phosphorylations cannot be responsible for the very low level of oxidation during state 4. The oxidation inhibited by oligomycin (fig 9) could be recovered by DNP or CCP.
The results of figure 10 show the effect of titrating the state 4 oxidation of a-ketoglutarate with DNP. Two examples of experiments from which the data were derived are shown in figure 11 . An addition of ADP was necessary to elicit the maximum rate of a-ketoglutarate oxidation (fig 2) . In figure 10 , the DNP stimulated rates are plotted as a function of the DNP concentration (solid line with closed circles). The solid line with open circles is a plot of the state 4 rates just prior to the addition of DNP to show that the state 4 rate did not change during the experiment. After the DNP rate was followed for approximately 4 minutes, ADP was added again. In figure  10 the dash line is the per cent stimulation of the DNP rate caused by the second addition of ADP. Approximately 50 am DNP gave maximal oxidation rates and that ADP further stimulated oxidation at all levels of DNP tested. Thus the substrate-level phosphorylation was the rate-limiting step before and after the addition of DNP, and because of this no apparent inhibition of oxidation was observed with high concentrations of DNP (cf. succinate in fig 3) . It has been shown that a discrepancy exists in the apparent ADP used as calculated from the attainment of state 4 (02 electrode) and amount of ADP phosphorylated (glucose-6-P assay). Since DNP does not uncouple the substrate level phosphorylation which is rate limiting, DNP must be stimulating oxidation by making ADP available to the substrate level site. Thus, the stimulation of the state 4 oxidation of aketoglutarate by DNP may have been due either to a stimulation of adenosine triphosphatase activity or to a more favorable ATP/ADP ratio at the active site (3, 4) . The experimental pattern for the results shown in figure 10 can be seen in figure 11 . glucose-6-P formation). A detailed study of the time effect is shown in figure 13 , where an apparent recovery of phosphorylation, particularly at low concentrations of DNP, is apparent. However, the results-of figure 13 are shown as a percentage of the controls and the apparent recovery was due to a decrease in the control phosphorylation rate, as seen for succinate in figure 5 . Thus in manometric experiments with 10 ,uM DNP as used by Romani and Biale (26) any uncoupling of phosphorylation would not be detected. It has been shown that the oxidative phosphorylation system of these avocado particles was relatively unstable even at 00. Thus, we expect that as oxidative phosphorylation decreased the sensitivity of the system to DNP also decreased.
Stability. During the course of most of this investigation the avocado mitochondria showed moderate stability when maintained at 00. Table III shows the increase of the state 4 respiration that occurred with a-ketoglutarate and the consequent decrease in the respiratory control ratio. These results (29) and from cauliflower bud (7). Wiskich and Bonner (29) described some of the conditions which were critical in obtaining preparations showing respiratory control. Apart from the factors which mask respiratory control (e.g., ATP-hydrolyzing enzymes) and which may be precipitated with the mitochondria (7), little is known about the conditions necessary for isolating particles showing respiratory control. It is certain that the structural organization, at all levels, of the mitochondrion plays a major role (12) . Thus plant tissues with their variable composition and need of severe treatment for disruption of the cells have yielded mitochondrial preparations with inconsistent properties and a lack of respiratory control. The differences in properties may be a reflection of small changes in structure (30) and are probably correlated with the conditions used (13) .
Whereas it was possible to prepare ADP controlled mitochondria from avocado fruit at the climacteric peak when tissue slices show no response to DNP (24) , the same procedure failed to yield ADP controlled mitochondria from preclimacteric fruit [tissue slices from which respond to DNP (24) ]. This failure may have been because only those cells of the preclimacteric fruit subjected to the higher shearing forces were disrupted. A direct consequence of this, and perhaps the cause of the lack of evidence of respiratory control, may be the observation of Avron and Biale (6) that mitochondria isolated from preclimacteric avocado fruit possess a more active adenosine triphosphatase than mitochondria isolated from climacteric peak fruit. Since the respiratory rate of the parent plant tissue is, in most cases, limited by oxidative phosphorylation and therefore stimulated by DNP, the property of respiratory control in the mitochondria prepared from such tissue is essential for critical investigations. However, a mere stimulation of mitochondrial oxidations by ADP (14, 16, 28) is not necessarily indicative of respiratory control (8) . This effect may be due to a low level of endogenous adenylate (and may be indicative of coupling) or to other reactions not related to respiratory control (29) .
The Climnacteric Rise of Respiration. Since the climacteric peak fruit yielded ADP controlled particles, it could be claimed that DNP failed to stimulate the oxidation rate of clinmacteric peak avocado slices, Inot because of endlogenous uncoupling (24) but because of a higher turnover rate of endogenous phosphate or phosphate acceptor (25) . However (24) , it remains to be established that theY are effective in situ. It is unlikely that oxidative phosphorylation is the only mechanism which controls the turnover of the Krebs cycle.
It is generally considered that cellular oxidation can be stimulated by increased turnover of ATP. However, it is interesting to speculate whether cellular oxidation can be stimulated by a reversible uncoupling, a reversible activation of a specific ATPhydrolyzing enzyme or by activation of nonphosphorylating oxidation pathways. The studies reported here are quite inaclequate for a resolution of these possibilities. This is particularly important in plant tissues where it has been shown that oxidations insensitive to respiratory chain inhibitors can occur, and that in some instances the supernatant fraction is also capable of presumably nonmitochon(drial oxidations (15) .
Uncoupling by DNP. In contrast with earlier reports (26) it has been established that DNP can uncouple the oxidative phosphorylation of mitochondria prepared from climacteric peak avocado fruit. The failure by Romani and Biale (26) (27) (6) . Further studies are necessary before these problems can be resolved. An alternative possibility is that the endogenous adenosine triphosphatase of these particles is recycling ADP at a rate slower than the rate of ADP phosphorylation. Thus once the bulk of the added ADP is phosphorylated the oxidation rate wvould decrease to the level where rates of hydrolysis and of formation of ATP were equal. Respiratory control would be evident and yet a significant amount of ATP may not be available to hexokinase for glucose-6-P formation. However, under these conditions it would be expected that the oligomycin inhibited oxidation rate wvould be much less than the state 4 rate. This expectation was not realized for the oxidation of either succinate or malate in the presence of oligomycin (fig 4) . Thus, convenient but indirect measurements of P O as offered by the O.2 electrode technique must be verified witlh direct assays (see also 10) .
The Kinetics of llalate Oxidation. W\iskich and Bonner (29) (20) and that the oxygen uptake is due to the oxidation of a-ketoglutarate. In the presence of glutamate and arsenite the oxidation of malate was maintained, presumably due to the removal of oxaloacetate. Very little of this oxidation was due to substrates other than malate.
Summary
Particles showinig respiratory control as evidenced by stimulations of oxidation on successive additions of adenosine diphosphate have been isolated from ripe fruit of the avocado. Dinitrophenol has been shown to uncouple the electron transport chain phosphorylations of these particles. Failure to observe this in previous studies has been due to a combination of factors associated with the particles and with the assay technique.
It has been established that dinitrophenol stimulates an adenosine triphosphatase activity which is sensitive to oligomycin, and that neither dinitrophenol nor oligomycin affect the substrate-level phosphorylations. The effects of 50 gM dinitrophenol were duplicated by 0.5 iM carbonyl cyanide mn-chlorophenylhydrazone.
It has been shown that oxidative phosphorylation is unstable in these preparations and that substrate level phosphorylations are more tightly coupled and may account for most of the adenosine triphosphate formed. This condition explains the observation of good respiratory control with low P/0 ratios. Literature Cited
